Lake Modre is a lobelia lake. Numerous typical plant species occur here, including Lobelia dortmanna, Littorella uniflora, Isoetes lacustris, and Sphagnum denticulatum. They develop the following associations: Lobelietum dortmannae (Oswald 1923) Tx. ap. Dierss. 1972, Isoetetum lacustris Szańkowski et Kłosowski 1996 n.n., and a community with Sphagnum denticulatum Brid.
INTRODUCTION
Lobelia lakes, unique and rare in Poland, are mainly located on plateaus of the terminal moraine of West Pomerania, in the Kashubian Lakeland, in a outwash plain of the Tuchola Forest, and on the Charzykowska Plain.
In addition to Lobelia dortmanna L., lobelia lakes also include Isoetes lacustris L., the much rarer I. echinospora Durieu, Littorella uniflora (L.) Ascherson, Luronium natans (L.) Rafinesque, Myriophyllum alterniflorum De Candolle in Lamarck et De Candolle, and the stonewort Chara delicatula Ag., as well as several species from the genus Nitella.
Lobelia lakes are classified as so-called soft water lakes due to low concentrations of calcium and magnesium. Their water is very weakly buffered, and usually have a low or very low reaction. Concentrations of biogenic elements are also extremely low (Kraska et al. 1996) .
In spite of a number of threats, the lobelia lakes, located among coniferous forests and acidophilous beech forests, are stable ecosystems. This is due to their relationships with the surrounding forest ecosystems, ecotones, moss peatlands, fragments of raised bogs, marshy coniferous forests, and acidic alder forests. The entire network of such interrelations determines the stability of the functioning of the aquatic ecosystem.
Attempts to conduct fishery management, even on a small scale, constitute a threat to the number of lobelia lakes. The lakes are distinguished by low plankton and zoobenthos biomass. A poor food base results in the impoverishment of the quantitative structure of ichthyofauna (Hesse 2000 , Morzuch & Kapusta 2010 . Another factor reducing the occurrence of fish in lobelia lakes is the acidic reaction of the water (Rahel 1984 , Baker & Schofield 1982 . Frequent causes of the elimination of dominant plant species in lobelia lakes, or in a reduction of their area, are inflow of humic substances from meliorated peatlands, as well as eutrophication. These result in a change in the light conditions, which leads to transformations in the floristic structure of vegetation clusters. The area of phytocoenoses is reduced, and finally, dominant plant species are eliminated (Bociąg 2000 , Kraska 2000 , Bociąg & Szmeja 2001 , Bociąg 2004 ). Another problem is acidification, usually caused by the lumber pine forests in lake catchments. As a result, surface runoff of humic substances is intensified, particularly during violent rainfalls or melting seasons of large amounts of snow. The consequence is dystrophication and changes in the vegetation of the lakes (Kraska et al. 1999 ). In extreme cases, when the water reaction falls below pH 4 for a longer period of time, elimination of typical plant species occurs. Such species can regenerate, however, particularly when sediments include a sufficient number of seeds, and the anthropogenic activity ceases.
This article presents changes in the vegetation of a lobelia lake brought about by human impact in relation to changes in its trophic features during the period from 1989 to 2010.
STUDY SITE
Lake Modre (Łupalickie) is a closed-drainage lobelia lake located in the Bytów Lakeland, with the following geographical coordinates: WGS 84: N 54° 15 ' 49.3 '' E 17° 34 ' 54.1 '' .
The lake surface area equals 4.35 ha, its maximum depth is 13.8 m, length 0.5 km, and the length of its shoreline is 0.98 km. The volume of the lake water is 291.87 th. m 3 .
The water of Lake Modre was studied for the first time in 1954 (Szmal 1959) . Another study on the physical and chemical water parameters was conducted in 1989 and 1991. A map of the lake vegetation was then developed .
By 1992/93, the lake was under the supervision of the State Forests, and was not subject to any commercial activities. According to personal observations, the ichthyofauna of the lake comprised scarce and dwarfish populations of perch (Perca fluviatilis), roach (Rutilus rutilus), and pike (Esox lucius).
In 1993, Lake Modre was stocked with an unidentified species and quantitative composition of ichthyofauna. During fish farming, the lake was slightly limed. Fish farming was abandoned in 1996/97.
METHODS
Studies on the lake water were conducted in: 1989, 1991, 1994, 1996, 1999, 2002, 2004, 2006, and 2009 . They involved analysis of: specific conductivity, COD, water colour, pH, as well as concentration of sulphides, chlorides, calcium, nitrates, nitrites, ammonium, organic nitrogen, orthophosphates, and total phosphorus. Samples were taken in the middle of the stratification period at the deepest point of the lake from each thermal layer (if observed).
Laboratory work was performed following the Standard Methods for The Examination of Water and Wastewater (1992) . Additionally, for the entire investigation period except 1990, 1992, and 1994, the following was measured in the middle of the stratification period in the deepest point of the lake: Secchi depth visibility, water temperature, oxygen concentration, pH, and specific conductivity. For the purpose of determining oxygen concentration, before 1994, the Winkler's method was used. Later, a multiparameter probe YSI 3500 was used. For statistical analysis of data, STATISICA 8.0 software was applied.
In 1991, 2001, 2004, 2006, and 2010 , vegetation maps of the lake were developed with the application of the transect method. Twelve and 13 permanent transects with a width of 10 m were established. In 2010, the number of transects was increased to 18 due to the appearance of patches new in qualitative terms. The lake vegetation in the transects was always studied in terms of floristic composition and species cover. In each section of a transect, determined by a phytocoenosis of associations, cover of all the occurring plant species was estimated. Each time, the studies were preceded by a reconnaissance verifying the current floristic composition of the associations and the community patches.
Estimation of species cover was performed with the application of the modified Braun-Blanquet method (Dzwonko 2007) . This involves estimation of the cover on a percentage scale from 1 to 100%. Based on the results obtained, the cover coefficient for each species was calculated in accordance with the following modified formula (Szafer, Zarzycki 1972) .
S -cover coefficient P -% of cover of a given species in a sectionphytocoenosis -transect n -number of transects
For the purpose of verification of the results obtained, and particularly the estimation of the significance of changes in the plant species cover in individual study years, the U Mann-Whitney test was applied.
RESULTS

Trophic description of the water of Lake Modre
The years 1992-1993 brought about dramatic changes in the physico-chemical parameters of the water of Lake Modre in relation to the years 1989-1991. The studied lake was then subject to fish stocking. In the period preceding intensive fishery, the water of the lake was characterised by very high transparency (Fig. 1) . Secchi depth reached its maximum depth in the vegetation season. This resulted in heating of the bottom, and convective mixing of the lake water. The process resulted in homothermy throughout the water column. Mixing of water in the entire volume resulted in uniform and high oxygen saturation of the lake water (Fig. 2) .
After 1993, a rapid decrease in water transparency was observed. In the first years after the implementation of fishery measures (1993) (1994) (1995) (1996) , transparency decreased by almost 50% (Fig. 1) . Water transparency continued to decrease in the following years (minimum transparency 3.7 m). Mean Secchi depth for the period from 1993 to 2009 amounted to only 5.4 m, whereas annual changes in the value at intervals of three or four years were observed (Fig. 1) . In comparison to the period from 1989 to 1991, an increase in the intensity of the colour of the lake water was recorded (Table 1) . Along with decreasing water transparency, thermal stratification of the lake water developed. In the years 1993-1996, metalimnion appeared at a depth from 6 to 7 m. From 1997, the lake water was characterised by full thermal stratification with a well-developed hypolimnion in the period of summer stagnation.
A decrease in water transparency and development of thermal stratification also resulted in oxygen stratification in the water of Lake Modre. In the first years after fish stocking, insignificant oxygen deficits were recorded in the near-bottom zone (saturation of approx. 60%). Oxygen deficits increased over time, and from 1998, total deoxygenation of the near-bottom hypolimnetic water occurred (Fig. 2) .
After the implementation of fishery measures, changes in the chemical parameters of the water of Lake Modre also occurred. A statistically significant increase in water reaction was recorded (Table 1 ). In 1989-1991, water reaction throughout the water column was acidic (min. pH=3.6). After the introduction of fish, it increased to pH=6.5.
In comparison to the years 1989-1991, in the later period, the lake water included much higher concentrations of biogenic elements, particularly nitrogen and phosphorus. In the case of mineral nitrogen, its mean concentration in the lake water was 10 times higher, and in the case of organic nitrogen, more than twice as high (Table 1) . Particularly high concentrations of ammonium nitrogen were observed in the anaerobic water of the hypolimnion. Differences in the concentration of both forms of nitrogen between the compared periods were statistically significant (Table 1) . Similarly, in the case of phosphorus, significantly higher concentrations of the element were recorded in the lake water after the implementation of fishery measures. In contrast to the period from 1989 to 1991, where uniform and low phosphorus concentrations were recorded throughout the water column, the highest phosphorus concentrations were later generally observed in the anaerobic near-bottom zone. Over the years 1989-2009, an approximately 30% increase in calcium concentration in the lake water was recorded.
Changes in the spatial and quantitative structure of the vegetation of Lake Modre
In 1991, the phytolittoral occupied 64% of the lake surface area. The near-shore zone with a depth of up to 1.0-1.5 m, and locally up to approx. 2 m, was inhabited by phytocoenoses of a Lobelietum dortmannae association, mainly with contributions of L. dortmanna and L. uniflora. Deeper, up to 5 m, a belt of phytocoenoses of Isoetetum lacustris association was located, with the dominating species I. lacustris and the contribution of S. denticulatum. The taxon was usually found in the zones of contact of patches of Isoetetum lacustris association with patches of the community with Sphagnum denticulatum. Phytocoenoses of Isoetetum lacustris occupied a total area of 16.6% of the phytolittoral. The deepest, most extensive parts of the phytolittoral, at a depth from 5 m to 8-9 m, were occupied by an S. denticulatum community. This covered the largest area of the lake bottom (38.7%) and constituted a dominant component of the phytolittoral (Table 2) .
In comparison to 1991, study results from 2001 showed changes in the floristic composition of phytocoenoses and their total area. The area of Lobelietum dortmannae patches decreased more than twice to 3.8% of the area of the phytolittoral. L. uniflora became the dominant species, whereas in the first years of the study, L. dortmanna showed a larger cover. The floristic composition of these phytocoenoses was enriched by both I. lacustris and S. denticulatum, as well as other accompanying species (Table 2) . Phytocoenoses of Isoetetum lacustris also changed their original floristic structure. "Migration" of sphagnum mosses from deeper to shallower areas of the phytolittoral resulted in replacement of the dominance of I. lacustris with S. denticulatum. Originally typically developed patches of the Isoetetum lacustris association changed their floristic composition to one with a contribution of S. denticulatum. A high density of sphagnum moss did not result in a decrease in the density of Isoetes. The value of the cover coefficient for the species from 2001 did not change ( Table 2 ). The total area of Isoetes phytocoenoses altered, but on an insignificant scale (Table 3) . In relation to 1991, results of the study conducted in 2001 revealed a diminishment of vegetation of S. denticulatum below a depth of 4-5 m.
A decrease in the vegetation of the community of S. denticulatum resulted in a decrease in the area of the phytolittoral from 64% to 22% (Table 3 ).
The study conducted in 2004 revealed other changes in the spatial structure of phytocoenoses and the floristic composition of the analysed associations. There was an almost twofold decrease in L. dortmanna cover. A marginal decrease in the value of the cover coefficient was also recorded for I. lacustris occurring in Lobelietum dortmannae patches (Fig. 3, Table 4 ). Insignificant changes in the floristic composition also occurred in Isoetetum lacustris phytocoenoses due to a somewhat higher occurrence of S. denticulatum. Differences in the value of the cover coefficient for this taxon, however, were statistically insignificant (Fig. 4, Table 5 ). Between 2001 and 2004, the area of clusters of Lobelietum dortmannae associations increased insignificantly. In the case of Isoetetum lacustris phytocoenoses, their total area decreased to 11.7% of the area of the phytolittoral (Table 3) .
In comparison to 2004, in 2006 the phytolittoral grew, reaching 41.3% of the area of the lake. This increase resulted from regeneration of the Table 2 Degree of constancy DC (with minimal and maximal % values) and coefficient of species cover CC in phytocenosis of the Isoeto-Lobelietum, Isoetetum lacustris and Sphagnum denticulatum community in Modre Lake in the years 2001, 2004, 2006, and 2010. (2010-A - community with S. denticulatum. Its area increased eight times, reaching a value of 23.3% of the area of the phytolittoral. Phytocoenoses with S. denticulatum occurred up to a depth of 5.0 m, and sporadically even deeper. No significant differences were recorded in the area of Lobelietum dortmannae patches. Their floristic structure, however, was subject to further changes. Another significant decrease in the Table 3 The changes of surface patches of associations and community as well as surface of phytolitoral in m 2 and % of lake cover coefficient for L. dortmanna occurred, and the differences were statistically significant. (Fig. 3 , Table  4 ). A diametrically different situation occurred in the case of L. uniflora. A significant increase in the density of specimens of the species was recorded. The value of the cover coefficient doubled. Statistical analysis confirmed the significance of the differences. The total area of Isoetetum lacustris phytocoenoses between 2004 and 2006 did not change although their floristic structure was subject to certain changes. I. lacustris substantially increased its occurrence expressed in the cover coefficient. Statistical analysis revealed that the differences in the cover coefficient for I. lacustris between 2004 and 2006 were significant. Simultaneously, in patches of this association, the presence of S. denticulatum was reduced. The cover coefficient for sphagnum moss decreased by half. Calculations showed statistically significant differences in the cover values for S. denticulatum between the compared years ( Table 2 , Fig.4 , Table 5 ). In phytocoenoses of the association discussed, occurrence of L. uniflora was recorded. This forecasted further transformations of the floristic composition of phytocoenoses in Lake Modre. Studies on the vegetation of Lake Modre conducted in 2010 revealed surprising, although already partly predictable floristic changes in the vegetation. On one hand they are manifested in a tendency similar to previous years. On the other hand, they represent a different aspect to what had appeared so far.
Significant restriction of the area of occurrence of L. dortmanna towards the middle of the lake occurred. "Lobelia" specimens inhabited only the shallow water zone near the shore. Their density was subject to substantial (statistically significant) increase, but the area of phytocoenoses of Lobelietum dortmannae assemblage decreased by more than half (Table 3 ).
In the case of L. uniflora, a significant decrease in its cover coefficient in clusters of the Lobelietum dortmannae association occurred. The test revealed statistically significant differences (Table 2 , Fig. 3 , Table 4 ). In the years 2006-2010, L. uniflora began to expand towards the middle of the lake. Expansion of I. lacustris occurred in the opposite direction. As a consequence, vegetation patches including both I. lacustris and L. uniflora developed. L. uniflora became dominant while the density of I. lacustris was lower (see Table 2 ). This floristic combination on such a scale has not been recorded in Lake Modre so far. Perhaps it is a new floristic aspect of phytocenosis of Lobelietum dortmannae or Isoetetum lacustris associations. Isoetetum lacustris phytocenosis remained in the same vegetation zone, and their total area decreased insignificantly (Table 3 ). The cover coefficient as an indicator of the density of I. lacustris individuals increased in relation to 2006, but the differences were not statistically significant (Fig. 4, Table 5 ). During the period discussed, S. denticulatum became a weakly noticeable taxon in clusters of I. lacustris association. Occurrence of the species was reduced in the entire Lake Modre. An exception is a fragment of the western shore, where steeply inclined slope eliminates the possibility of the vegetation of other species of Lake Modre with the exception of S. denticulatum.
DISCUSSION
The trophic status of Lake Modre in the past mainly resulted from the features of its catchment. The bedrock of the catchment is mainly composed of poor outwash sands and is overgrown by pine forest. Due to this, the water flowing into the lake carries low amounts of dissolved mineral salts, calcium, nitrogen and phosphorus (Kraska et al. 1998 ). The lake is fed with significant amounts of dissolved humic substances (Klimaszyk 2006 , Klimaszyk & Rzymski 2011 , particularly fulvic acids (Kraska et al. 1998) , the most chemically reactive and which possess the highest capability for water acidification (Hessen, Tranvik 1998 ).
An important condition of stable functioning of the ecosystem of the lake was also the development of a specific trophic pyramid. Water acidification to the level of pH<4, recorded between 1989 and 1991, was a factor strongly limiting the quantitative and qualitative structure of ichthyofauna inhabiting the lake. Such water reaction excludes any occurrence of fully developed ichthyofauna (Rahel & Magnuson 1983 , Mann 1996 . In the studied lake, only scarce populations of perch (Perca fluviatilis), pike (Essox lucius), and roach (Rutilus rutilus) were found. The lack of any significant pressure of fish on zooplankton resulted in the effective control of zooplankton over phytoplankton, and ensured high water transparency.
The fish stocking of the lake led to a number of changes in physiochemical water parameters. Within several years water transparency decreased significantly, summer thermal and oxygen stratification developed, and total oxygen depletion occurred in the near-bottom water layers. Intensive fry stocking caused increased pressure on zooplankton, leading to a restriction of its control over phytoplankton (McNaught et al. 1999 , Parker et al. 2001 . Furthermore, the presence in the lake of benthivorous cyprinid fish resulted in a penetration of the bottom sediments in search of food at a scale not encountered before, and as a consequence, in the release of biogenic elements to the water depths. This, in turn, was a factor stimulating the development of phytoplankton.
Although liming of the lake was insignificant, as evidenced by a low increase in calcium concentration in the first period of fish stocking (2.6 mg Ca dm -3 ), the resulting increase in the water reaction could be a factor stimulating an increase in the domestic ichthyofauna population. According to Eriksson and Tenglin (1987) as well as Popp et al. (1996) , an increase in the reaction of water of acidified lakes quickly leads to a rapid increase in the fish population. High amounts of organic matter (fish faeces) suddenly introduced to a weakly buffered lake results in accelerated matter decomposition. Intensified recycling of N, P, and C occurs, acid buffering ability increases, and dissolved phosphorus concentration grows. Moreover, deoxidation of the upper layers of sediments causes an intensification of the diffusion of phosphorus to the water (Brouwer et al. 2002) . As a consequence, the lake is subject to very rapid eutrophication.
Changes in the physical and chemical parameters of the lake water, induced by intensive anthropogenic pressure, led to changes in the species composition of vegetation patches, and in the size of the phytolittoral.
The fact of continuous fry stocking of Lake Modre is manifested in changing transparency, regularly every few years. After reaching a relatively high transparency of up to 6 m, a rapid decrease in transparency to 3 or 4 m occurs. Each such change is probably caused by the introduction of a new arrival of fish. Successive fishing with nets and angling results in a temporary increase in water transparency. All these fluctuations, irrespective of the order of changes, constitute evidence of fry stocking of the lake.
The changing transparency and trophic status of the water of Lake Modre revealed two types of responses -life strategies -of plant species typical of lobelia lakes. The first was a successive decrease in the cover value for L. dortmanna. The other phenomenon was a change in the direction of "migration" of Lobelia to shallower zones of the phytolittoral. This way, the process of reconstruction of the L. dortmanna population began. Revitalisation could presumably occur in a vegetative manner (Szmeja 1987) , faster than a generative one. Blooming Lobelia individuals usually grow in shallow water. After shedding blossom they develop new specimens at their base. Due to this, a decrease in the width of Lobelietum dortmannae phytocoenoses occurred along with an increase in the density of the Lobelia population.
Negative changes occurring within the L. dortmanna population in the years 2001-2006 certainly cannot be explained by the high sensitivity of the species to the stress caused by intensive wave action because Lobelia individuals usually grow in the shallowest areas of the phytolittoral. L. dortmanna, as well I. lacustris, and to a smaller extent L. uniflora, can occur in the zone influenced by waves with no harm to their development. They are perfectly adapted to tolerating such exposure. They develop small, dense forms in shallow water near the shore, anchored by means of very well developed roots (Farmer & Spence 1986 ). Examples can be found in a number of lobelia lakes in the Pomeranian Lakeland. The pressure of the environment in the examples presented above concerns a natural spectre of influence, and not an exceptional situation, so-called "hot spots" or "hot moments" (McClain et al. 2003 ). These were not recorded in Lake Modre.
The "migration" of macrophytic populations to shallower areas of the phytolittoral for more efficient photosynthesis is a noticeable phenomenon. This is particularly visible in eutrophic lakes with low water transparency. Such a response was recorded in the case of Zannichellia palustris in the polytrophic Lake Gardno (Kraska 1997 (Kraska , 2003 in Słowiński National Park. Identical "migration" to shallow water near the shore also concerns taxa from the genus Chara in originally mesotrophic lakes which after eutrophication became polytrophic lakes (Kraska 2009 ). L. dortmanna usually occurs in shallow water of the phytolittoral, because the species is very sensitive to lack of sufficient light intensity. According to Pedersen and Sand-Jansen (1992) , leaves of the amphibious form of Lobelia included more chlorophyll than leaves of the submerged form. This suggests that the species is strongly photophilous. The majority of publications on the vegetation of lobelia lakes indicate the species as growing in the shallowest water (Dąmbska 1965 , Eloranta & Marja-Aho 1982 , Farmer & Spence 1986 , Kraska et al. 1992a , Szmeja 1992 , Kraska & Piotrowicz 1994 , Kłosowski 1994 , indirect confirmation of the high light requirements of L. dortmanna.
In view of the response of L. dortmanna, responses of L. uniflora are also interesting. During the entire period of changes in transparency, both positive and negative, as well as changes in other physiochemical factors, the responses of the species were the same. They involved an increase in phytocoenoses cover. "Migration" of the species to deeper zones of the phytolittoral was only observed in the last year of the study. Expansion of L. uniflora is caused by lower sensitivity of the species to the light factor. This allows for its penetration into the areas of the phytolittoral deeper than in the case of Lobelia. Moreover, as an amphibious plant, L. uniflora reproduces vegetatively and generatively. This determines its high ability to expand (Robe & Griffiths 1998) . The density of L. uniflora in comparison to Lobelia is usually incomparably higher. Moreover, spontaneous changes in the numbers of the species occur (Szmeja 1994) . Sondengaard (following Farmer & Spence 1986) determined that L. uniflora growing in deeper water has a lower light compensation point, higher chlorophyll content, and lower chlorophyll a:b ratio than specimens occurring in shallow water.
I. lacustris definitely shows lower requirements towards light intensity than the aforementioned species. In Lake Modre, changes in I. lacustris cover had a continuous, higher or lower tendency to increase, irrespective of whether S. denticulatum occurred in patches of the Isoetetum lacustris association. Bryophyta do not restrict I.lacustris vegetation -in Scandinavian lobelia lakes, mosses together with I. lacustris comprise the main vegetation fraction (Rorslett, Brettum 1989) .
The occurrence of I. lacustris in water deeper than L. dortmanna or L. uniflora is related to its physiology. According to Sand-Jensen (1978) , I. lacustris shows very low respiration, both in leaves and roots. This allows penetration of deep water. The occurrence of I. lacustris is related to the wide spectrum of substrata rich in organic matter, the amount of which determines the biomass of the specimens (Spence 1982) . According to Szańkowski and Kłosowski (1996) , sediments on which I. lacustris grows are rich in soluble phosphorus.
L. dortmanna, L. uniflora, and I. lacustris belong to a group of plants of type C4 and CAM (crassulacean acid metabolism). They photosynthesise using CO2 from sediments and night breathing. Species belonging to this group inhabit not only oligotrophic environments, but also environments in which access to CO2 is discontinuous (Keeley 1998) . The S. denticulatum population also undertook a change in its place of vegetation due to a decrease in transparency. After the disappearance of the population in the deep zones of the lake, S. denticulatum developed in clusters of Isoetetum lacustris association growing in shallower water. Its rate of development was high because the species has the ability to vegetatively reproduce rapidly. Moreover, the species was already present in Isoetetum lacustris phytocenosis. According to Robe and Griffiths (1998) as well as Brouwer et al. (2002) , S. denticulatum develops particularly intensively in acidotrophic lakes with high concentrations of NH4 and CO2. Szańkowski and Kłosowski (2006) mention high concentrations of Fe and low water reaction in S. denticulatum clusters. The species prefers sediments rich in organic matter and with Ca concentration from 2.5 to 3.0 mg dm -1 (Szańkowski 1998) . The author's work (Kraska and Piotrowicz 1994) suggests that S. denticulatum develops extensively in water with extremely low Ca concentrations from 1 to approx.
3.0 mg l -1 , and water reaction ranging between pH 4.6 and 5.2 or lower.
The mechanisms of changes in the vegetation of lakes, and their causes, can be indirectly determined based on studies on various trophic types of lobelia lakes in various periods. An example can be found in several lakes of Tuchola Forest National Park where species such as L. dortmanna and L. uniflora were eliminated within a period of six years as a result of acidification. An abundant appearance of S. denticulatum counterbalanced their disappearance (Kraska et al. 1999) . In one lobelia lake, intensive expansion of the originally very scarce L. dortmanna has been observed (Kraska et al. 1999) .
The most significant changes and restrictions of diversity are caused by the increase of concentrations of humic substances in the lakes, both in the course of natural evolutionary transformations of lobelia lakes, and as a result of human activity involving introduction of humic water to the lakes from meliorated peatlands.
Inflows of humic substances first result in changes in light intensity and light spectrum components penetrating the water. Red radiation penetrates the deepest water as opposed to blue radiation (Eloranta 1999) . Therefore, humification restricts the occurrence of species typical of lobelia lakes to shallower water.
Examples of multi-annual changes in vegetation are the lobelia lakes Kiełpino and Iłowatka. Inflows of humic water to Lake Kiełpino from the adjacent acidic alder forests resulted in changes in water reaction from a pH of approx. 6.8 (Szmal 1959 ) to 4.7, and water colour from 37.0 to 75.0 mg Pt dm -3 . During this time, in 2000, isoteids inhabited the nearshore zone with a width of 15-20 m, up to a depth of 2.5-3.0 m. The moss Warnstorfia trichophylla (Lesk.) Hedw. occurred around the lake in a belt with a width from 30 to 40 m, outside the area of occurrence of "lobelia" vegetation (Kraska 2000) . In 2001, a surprising change occurred (Kraska unpublished materials), namely almost the entire disappearance of the W. trichophylla population. Only a few patches of the taxon remained in the bays in the western part of Lake Kiełpino. According to Bociąg (2004) , in Lake Kiełpino in 2004, water colour increased to 90 mg Pt dm -3 , and vegetation reached a depth of 1.8 m. Simultaneously, the area of I. lacustris clusters decreased. The author believes that intensive development of W. trichophylla is the reason for such changes.
Changes in the vegetation of lakes are usually discussed in a multiannual context, and ascribed to a specific factor responsible for the process. In the last few decades, eutrophication has become the cause of the most significant changes in lakes of various types. In 23 so-called seepage lakes in the north-western State of Wisconsin (USA), between 1930 and 2000, elodeids and stoneworts appeared at sites with isoetids (Borman et al. 2009 ) as a result of an increase in the electrolytic conductivity of the water of those lakes.
The effects of anthropogenic pressure, apart from the obvious and varied ones presented in this article, also include other, definitely less evident ones. They result, with no apparent reasons, in changes in the floristic compositions of phytocoenoses, involving both the appearance of new groups of species, and the disappearance of others. An example may be seen in the phytocoenoses of the meromictic Lake Czarne in Drawieński National Park. A factor still unidentified in spite of continued work on the subject has caused the disappearance of Chara tomentosa from common clusters with Najas marina (Piotrowicz et al. 2011) .
The course and dynamics of natural or human related changes in the structure of phytocoenoses of associations of these aquatic and terrestrial plants can only be explained based on constant, systematic works on selected ecosystems.
